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classes for camouflage is 
surprising, and quite provocative 
since initial investigation 
indicates that all animal 
coloration patterns tend to show 
a similar organization. This is a 
counter-intuitive notion, and may 
be oversimplified. Yet the idea 
suggests a powerful solution 
to a complex problem, and 
stimulates new ways to view the 
natural world, not only from our 
human- vision viewpoint, but in 
the way we investigate animal 
visual systems. Could it be 
that the vast diversity of visual 
systems (of active carnivores, 
at least) can be fooled by a 
handful of tricks, such as three 
camouflage pattern templates 
that implement either general 
background resemblance or 
disruptive camouflage? 
The subtle ways in which 
edges, shadows, outlines, 
patterns, colors, contrast and 
papillae are used by animals for 
camouflage or communication 
also seem to have much in 
common with art, photography, 
landscape architecture and 
related fields, because light 
and dimensionality are being 
manipulated in similar fashion. 
When watching the video from 
Figure 1, the aphorism “truth is 
stranger than fiction” comes to 
mind, especially when compared 
to the ‘invisibility cloaks’ that 
have recently received so much 
attention in the popular media. 
The speed and fluidity with which 
cephalopods simultaneously 
maintain predator awareness, 
search for prey, and coordinate 
a camouflage body pattern 
with each microhabitat offers 
insight into how a complex 
biological organism works as an 
intact system. There are great 
challenges yet to confront in 
understanding the sensory and 
behavioral interactions between 
visual predators and prey, and it 
is humbling yet intriguing to think 
that such an ancient lineage as 
the mollusks has evolved such a 
sophisticated system with which 
to test camouflage. 
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Temporal freezing 
of visual features
Isamu Motoyoshi
Our perception at any moment 
has been thought to reflect neural 
activities at that moment. Recent 
psychophysical studies, however, 
have revealed severe dissociations 
between the perceptual and 
physical timing of visual events, as 
for example in the ‘flash-lag’ effect 
[1–3] and illusory asynchrony [4,5]. 
Here, I introduce a novel illusion 
in which time (transition) appears 
to stand still. When a subjective 
surface formed by a ‘Kanizsa’ 
figure is abruptly presented on 
a background of dynamically 
changing color and texture, the 
color and texture appear to be 
stable within the surface for 
approximately 200 milliseconds. 
The illusion is consistent with the 
notion that the visual system fills-in 
color and texture information over 
a wide temporal interval unless a 
salient signal of the change is given.
We showed nine human 
subjects a display in which four 
circular patterns were located 
in a uniform field whose color 
changed gradually from green 
to red at a clearly visible speed 
(Figure 1A). During the movie, a 
Kanizsa-type subjective square (or 
disc) was presented for periods 
in the 80–600 milliseconds range. 
The subjects viewed the display 
while gazing at a peripheral dot, 
and matched the initial and final 
colors of the figure during its 
presentation. The matched colors 
differed only slightly when the 
figure was presented for less than 
about 200 milliseconds (circles in 
Figure 1C). Thus, the color within 
the figure appears to stop changing 
and remain nearly the same while 
the outside continues to change. 
The display also induces an 
extremely vivid perception of the 
subjective figure, which appears 
to be a clearly different color 
from the background (Figure 1A; 
the perceived color of the figure 
lagged ~90 milliseconds behind 
the background [2]; see also the 
Magazine
R405Supplemental Data available 
on- line). 
A similar effect is observed for 
grating patterns, the orientation, 
spatial frequency or phase of 
which was gradually changed. 
As illustrated in Figure 1B, the 
subjects reported the grating inside 
the figure appeared largely stable, 
while the outside grating kept 
changing (squares and triangles 
in Figure 1C, filled circles in Figure 
1D). Moreover, the effects occur, 
not only for gradual changes, 
but also for rapid unpredictable 
changes, such as flickering color 
fields and dynamic random 
phase gratings (filled squares and 
triangles in Figure 1D). 
The illusion is significantly 
reduced when the subjective figure 
is replaced by an annulus of real 
contours, which is known to elicit 
a strong masking effect as regards 
the detection of neighboring 
features [6,7], or by a different type 
of Kanizsa square, which is seen 
as a transparent neon-colored 
surface [8] (open circles and 
squares in Figure 1D). For these 
stimuli, the subjects tend to see a 
uniform grating moving behind the 
annulus or the transparent layer 
(see Supplemental Experimental 
Procedures). Moreover, the 
freezing does not propagate 
into an odd region that is seen 
as being segregated — ‘pops 
out’ — within the Kanizsa figure 
(see Supplemental Data). These 
results suggest that the illusion 
cannot simply be ascribed to 
the interference between early 
visual sensors, but is related 
to neural computations after 
the segmentation of occluding 
surfaces that can be achieved in 
visual areas V2 or beyond [9]. The 
illusion is also unlikely to be the 
result of inattention, because it is 
not always caused by peripheral 
luminance transients, such as the 
annulus as described above, that 
would draw one’s attention away 
from the target region [10]. 
There is psychophysical evidence 
in support of the notion that our 
conscious perception of spatially 
uniform surfaces is reconstructed, 
or filled in, from sparse signals 
around the edges [7,8,11,12]. For 
example, when a faint watercolor 
line is flanked by sharp dark lines, 
the color appears to propagate over A
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Figure 1.The temporal freezing experiments.
(A) The temporal freezing effect of gradual color changes. When a Kanizsa-type sub-
jective square is presented briefly (~200 milliseconds) on a background whose color 
changes gradually from green to red (left), the color inside the subjective square ap-
pears to be stable for a period (right). (B) Illustration of the freezing effects that occur 
for the drifting motion (left), orientation change (middle) and spatial frequency change 
(right) of grating patterns. The arrows depict the perceived motion. In all cases, the 
grating inside the square appears stationary. (C) The difference between the initial and 
final features perceived inside the figure during its presentation (circle: color, square: 
orientation, triangle: spatial frequency). Data are converted to time and plotted against 
the duration of the figure. The straight line represents physical feature changes. The 
results are means ± s.e.m. (D) Ratings for the velocity of smooth motion (filled circle), 
the speed of random motion (filled square), and the strength of color flicker of 12.5 Hz 
(filled triangle), plotted against the figure duration. Open symbols represent the ratings 
for the motion velocity within an annulus (open circle), or a neon-color figure (open 
square). A rating of 100% indicates that the feature appears to change equally with the 
background. The results are means ± s.e.m. the whole region [12]. The freezing 
illusion may be considered a similar 
type of filling-in phenomenon that 
occurs in the temporal domain 
[13,14]. Thus, the gradually or 
randomly changing color and 
texture appear to be averaged, then 
remain stable, over the temporal interval defined by the abrupt onset 
and offset of the contours. With 
reference to the spatial filling-in, 
it is possible that the perception 
of temporally uniform events 
is reconstructed from signals 
at salient changes, probably 
retrospectively [3]. Such a strategy 
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Temporal 
coordination 
signals coalition 
quality
Michelle L. Hall and  
Robert D. Magrath
Coordinated displays are widely 
used to defend shared resources, 
and may signal coalition strength 
so that groups can assess the 
relative competitive ability of rivals 
and avoid unnecessary fights. 
Joint vocal displays are known to 
facilitate numerical assessment 
of relative group size in some 
animals, but it is not known 
whether features of coordinated 
vocal displays can signal coalition 
strength independent of coalition 
size. We show experimentally that 
precise coordination between 
partners in avian duets increases 
the perceived threat of these joint 
territorial displays, and provide 
the first evidence that established 
pairs produce more highly 
coordinated duets than new pairs. 
Duet precision thus serves as an 
honest signal of coalition strength. 
This is the first reported evidence 
of cooperative benefits for precise 
temporal coordination of signals.
In animals from social shrimp 
(Synalpheus) to lion (Panthera leo), 
groups use coordinated displays 
to defend resources [1,2]. In some 
birds, singing in chorus allows 
numerical assessment by rival 
groups [3], but it is not known 
whether joint vocal displays signal 
aspects of coalition strength 
other than group size. Temporal 
coordination between partners in 
some duetting birds is strikingly 
precise, and might signal pair 
stability to territorial rivals [4]. But 
there is no empirical evidence 
that temporal precision of duets 
improves with pair duration [5] or 
influences the effectiveness of the 
territorial display, and the function 
of such remarkable coordination 
within duets is unknown.
Paired Australian magpie- larks 
(Grallina cyanoleuca) sing notes 
in rapid alternation to produce 
antiphonal duets for territorial 
defence (Figure 1A). Experiments 
show duets are more threatening 
territorial displays than solo songs 
[6]. Within duets, individuals 
initiate each note a mean of 0.5 
seconds after the start of their 
partner’s note (their ‘reaction 
time’), with mean standard 
deviations of 0.04 seconds 
(8% of mean reaction times) 
[7]. Levels of coordination vary, 
but highly coordinated partners 
create a series of closely spaced 
alternating notes that, to an 
uneducated ear, sound like the 
song of a single bird (audio and 
Figure S1 in the Supplemental data 
available on-line with this issue).
Magpie-larks are ideal for testing 
whether temporal precision signals 
coalition strength independently 
of coalition size: they defend 
territories in pairs; alternating 
notes in duets do not increase 
signal amplitude; and variability in 
reaction times provides a simple 
measure of duet coordination that 
can be quantified and manipulated. 
Paired birds sometimes constitute 
a territorial threat: in the mosaic 
of territories that are defended 
year-round, established pairs 
may expand their territory at 
the expense of neighbours, and 
around 20% of new pairs involve 
two new birds occupying an 
area [8]. We simulated territorial 
intrusion by a pair, testing the 
function of duet precision with a 
playback experiment broadcasting 
‘coordinated’ and ‘uncoordinated’ 
duets on twelve magpie-lark 
territories (see Supplemental 
Experimental Procedures). 
Playback stimuli contained 
identical notes repeated equally 
often, but differed in the timing of 
male and female contributions, so 
that precision was at the extremes 
of the natural range [7]. We used 
male song rate as a measure 
of response because earlier 
experiments showed it to be the 
most sensitive to differences in 
threat to the territory [6].
Male magpie-larks responded 
more aggressively to playback of 
precisely coordinated duets than 
uncoordinated duets (Figure 1B), 
showing that a high level of 
coordination created a more 
threatening territorial display. 
Precise duets are therefore likely 
to be more effective for territorial 
defence because they signal 
coalition quality to rivals.is suitable for representing objects 
with sparse codes that support 
a stable conscious perception in 
the face of dynamic inputs [14], 
and also for reconciling a temporal 
mismatch between features that 
are processed at different timings 
across cortical areas [4,5]. 
The above freezing display 
can be further used as a tool to 
investigate the neural basis for the 
dynamics of visual awareness.
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